Abstract. Increase in the amount of biological sequence data being generated is due to the advancement in the sequencing technologies. This has led to an upsurge in the need for methods/techniques that analyze these sequences to make biological inferences. Promoter sequences are one such biological sequences that play an important role in the process of gene regulation. These promoter sequences are made up of motifs arranged/configured in a particular order which is very important for its functionality. In this work, we propose a few techniques that capture the information regarding the arrangement of these motifs. Further this captured information help in the analysis of the promoter sequences. The methods use the motif features obtained from the Position Specific Motif Matrices (PSMMs) of the promoter sequences and then give a dissimilarity measure. Alignment-free as well as alignment based methods are proposed. The experimental results show that these methods are quite successful in bringing out the similarity/dissimilarity existing between given promoters/promoter sets. The alignment based method also helps in the process of inferring homology and in the phylogenetic analysis. In general, all the methods might help biologists in applications like drug target identification, biological pathway analysis and gene expression analysis.
Introduction
With the rapid growth in the generation of large wealth of biological sequence data, making sense of this huge data is a challenging task. There is an immediate need for good analyzing methodologies. These methods/techniques help in the process of extracting meaningful information from the sequences for better understanding of biomedical mechanisms [1] and to attempt to solve some specific biological problems. Some recent efforts are focused to identify functions of these non-coding DNA sequences which have some important function in gene expression analysis, tissue development, phylogenetic analysis which serves as the motivation to this kind of research work [2] .
The analysis of these biological sequences consists of two major steps. Initial step is alignment which is later followed by analysis. Most of the existing multiple sequence alignment (MSA) works well on coding regions of the genes or the proteins.
The MSA algorithms are built using the principles of dynamic programming (SmithWaterman and Needleman-Wunsch algorithms) [3] , hidden markov model [4] and scoring matrices. There are several tools available that work on these concepts to name a few SW-align, Clustal W [3] , MUSCLE [5], K align [6] , D align [7] , T-Coffee [8] , M-Coffee [9] . There is a plenty of work on alignment free sequence analysis methods such as L-words frequency [10] , spaced-word frequency methods [11] , relative frequencies of dual nucleotides [12] etc. Many methods relating to k-mer/word frequency, substring, information theory and graphical representation are also available. Some softwares available for the methods described above include d2Tools [13] , AGP [14] , Alfy [15] and WNV typer [16] .
In this work, we propose methods to analyze promoter sequences which are made up of repetitive patterns called transcription factor binding sites (TFBS)/motifs. The promoter sequences are a part of the non-coding DNA anywhere before the start codon of a gene and the stop codon of the previous gene, which plays an important role in the process of gene expression. The data set is obtained from the NCBI database and the PSMM are created using the TFSEARCH tool [17].
Materials and Methods
In this section, we describe the working details of our model and the proposed algorithms. Five frequency based methods proposed and one lacunarity algorithm which are all alignment free sequence comparison methods. Also, we propose one alignment based sequence analysis method which makes use of the motif pair feature. There are two datasets used, dataset 1 consisting of promoters of the Pyruvate kinase gene of different organisms and dataset 2 consisting of all the enzymes of the Glycolysis pathway of the organism human. The overall schema and flow of the method is as described in Figure 1 . The detailed description of obtaining the PSMM for a promoter is presented in [18] , [19] . Once the PSMM is obtained, they are given as input to the various methods briefly described below.
Frequency Based Alignment Free Methods
The frequency distribution gives a measure considering the occurrences of motifs in promoters in various ways. The detailed description of these frequency based methods is presented [19] , [20] . The output of these methods is a dissimilarity matrix.
Lacunarity Based Method
The lacunarity algorithm is a multi scaled method that uses box counting across different scales to obtain the lacunarity values across different scales and then the Euclidian distance is used to get the dissimilarity between two promoters. This value then goes as an entry into the dissimilarity matrix. The algorithm can be found in detail in [18] .
Alignment Based Method
This method extracts the motif pair based features from the binarized PSMM [21] . Later, we compare the count of motif pairs between the promoter sequences to find the similarity. The output of alignment is an alignment score. 
Results and Discussion
All the methods described are quite successful in bringing out the similarity between organisms that are known to belong to the same family. The dissimilarity is very low for similar organisms and high otherwise. The results of the frequency based method and the alignment based methods on dataset 1 are presented in Tables 1 and 2 . Also, the result of lacunarity analysis is given in Table 3 . Results of the frequency based method and the alignment based methods on dataset 2 are presented in Tables 4 and 5 . However some cases where some unusual results were obtained are highlighted in the respective dissimilarity matrices. The features obtained from the proposed alignment free methods are not very useful in the study of phylogeny. However, these methods are faster. The lacunarity features obtained at different scales individually or together seem to be more effective in phylogeny analysis when compared to the frequency based methods. They perform poor when used for gene expression differentiation. The motif pair based alignment features seem to be performing best when one is interested in performing phylogenetic analysis. The proposed alignment does not insert gaps preserving the information regarding the position of motifs, which is important in gene expression studies. TPI1 GAPDH PGK1 PGAM2 ENO1 PKM   HK1  313  13  11  9  3  10  3  1  4  2  GPI  13 173  10  8  1  9  5  5  9  2  PFKM  11  10  194  5  1  8  3  9  11  3  ALDOA  9  8  5  122  10  9  1  6  4  2  TPI1  3  1  1  10  61  11  4  5  3  0  GAPDH  10  9  8  9  11  78  3  6  4  2  PGK1  3  5  3  1  4  3  92  1  0  0  PGAM2  1  5  9  6  5  6  1  124  8  5  ENO1  4  9  11  4  3  4  0  8  223  0  PKM  2  2  3  2  0  2  0  5  0  97 
Conclusion
The results obtained from different proposed methods on the two datasets show their success in bringing out the similarity/dissimilarity existing between given promoters. The alignment based method also helps in the process of inferring homology and in the phylogenetic analysis. We notice that results are similar from both the alignment free and alignment based methods showing that both methods are equally useful. In general, all the methods might aid biologists in the process of drug target identification, biological pathway analysis and gene expression analysis. As a future work, we are contemplating on selection of subset of important motifs from the promoters. This could result in substantial reduction in PSMM size and will have direct influence on running time of algorithms. Perhaps, dissimilarity measure may also improve since less important motifs are ignored.
